3 mol% yttria stabilized zirconia matrix has been incorporated with 10 wt% single crystal a-alumina platelets to enhance the mechanical reliability. The composites have been produced by different forming techniques, namely, slip casting, tape casting, and injection moulding followed by pressureless sintering. Relative density -99% has been obtained. Alignment of the platelets in the material was analyzed by processing the images taken from scanning electron microscopy. Strong texture was formed by the alignment of platelet. Mechanical properties of the composites were evaluated, and co-related to the alignment of the platelets.
INTRODUCTION
Advanced technical ceramics have a number of very useful engineering properties, such as: high temperature strength, high hardness and stiffness, low density, low thermal expansion and thermal conductivity, good corrosion and oxidation resistance, good wear and erosion resistance. However ceramic materials generally suffer from an inherent brittleness and therefore give a low fracture toughness, which limits their applications to conditions where the ceramic components are only subjected to relatively low stresses. There is therefore a strong incentive towards developing tougher and thus more reliable ceramic materials which undergoes "graceful" rather than catastrophic failure.
A significant amount of research has been performed on ceramic matrix ceramic composites (CMCs) over the last 10-15 years in an attempt to improve the fracture toughness. Studies have shown that in comparison with monolithic ceramic materials, the CMCs which are ceramics containing ceramic reinforcements-particles, whiskers, platelets or fibres, offer many possibilities of toughening for instance by crack deflection/ crack branching, crack bridging and pull-out of the reinforcing phase.
It is well known that 3 mol% yttria stabilized tetragonal zirconia (TZ3Y) has good room-temperature strength and fracture toughness due to the tetragonal-to-monoclinic (t -> m) phase transformation triggered by mechanical stresses, creating a compressive stress field around the crack tip. This mechanism, however, does not operate at temperatures higher than the transformation temperature (~700-800C), resulting in a significant strength degradation at a high temperature. The platelets' surfaces are hexagonal with an average size of~5 #m, and a thickness of~1 /.tm. The specific surface area of the platelet powder was measured to be 0.7 m2g -1 using multi-point gas adsorption BET method (Micromeritics Gemini 2360). The matrix TZ3YS powder had a specific surface area of~6 m2g-1, and the mean particle size was~0.3 m.
It had been found that the as received platelet powder contained some large agglomerates which was detrimental for the sintering of the composites. The platelet powder was therefore processed to remove, the agglomerates before being mixed with the matrix powder. The as received A1203 platelets were dispersed in ethanol using ultrasonic vibration for 6 minutes by an ultrasonic probe (Ultrasonic homogenizer 4710 series, Cole-Parmer Instrument Co. Chicago, USA), and followed by sieving through a 30 #m sieve. The platelets-ethanol suspension was filtered using filter paper (Struers), and dried at 60C for 48 hours. Injection moulding used polystyrene binder in the formula, with~56 vol% solid loading, which is typically used for this process. The ,rectangular bars were formed by side inlet. Standard de-bindering conditions were used before the materials were sintered at the same nominal sintering parameters as those for slip cast samples.
Tape casting slip formula used for the composite was based on that for casting TZ3Y with a substitution of~11 wt% A12Oap The total solid loading was~23 vol%. Casting was undertaken using the normal doctor blade. Green tapes (21 x 174 cm) have been cut to smaller sizes using a normal guilloti.ne (for paper-cutting). Up to 6 layers were laminated by hand rolling with ethanol applied between the layers.
De-bindering of the laminated samples was carried out at 600C for 2 h with a heating, and a cooling rate of 6C/h, which was followed by sintering. The nominal sintering parameters were identical to those used for materials produced by other Figure 2 . In this figure, the angle between the longitudinal direction of the sample and It is seen from Figure 2 that the orientation of the platelets in the sample near the bottom of the bar changes slowly from 0 to 180 (L1), suggesting the presence of a considerably large platelet-orientation transition zone in this part of the sample. The orientations of the platelets in the other 2 levels change sharply for 0 to 180 (L2), and~10 to 165 (L3), indicating that the transition zones here are small, which means that the platelets are well aligned all through the width of the sample. Results in Figure 2 are thus consistent to the visual observations as shown in Figure 1 . The orientation of the platelets is schematically illustrated in Figure 3 . The feature of the platelet alignment in the slip cast sample may be affected by several factors, for example sample geometry, solid content in the slip, the permeability of the mould material, etc., as those shown for the whisker composites (Sandlin and Bowmen, 1992) . In the present case strong texture was formed in a considerably large volume of the material so that it was possible to obtain a piece of sample with a roughly defined platelet orientation.
SEM of injection moulded and tape cast samples showed relatively weaker textures. SEM on large areas in the injection moulded bars revealed that only platelets close to the surfaces were lying parallel to the surfaces of the sample. Platelets in the main body of the sample were approximately randomly oriented. This is thought to be related to the way in which the compound was injected-side inlet, which is not the optimum method for obtaining aligned platelets. For laminated tape cast samples, platelets were shown to have the tendency of lying parallel to the surfaces of the tapes. Tape casting has been reported to be an effective way to produce green sheets with aligned whiskers (Wu et al., 1991) , or plate-like particles (Watanabe et al., 1989 ). The degree of alignment of the plate-like particles was found to be determined mainly by the powder content, and therefore the interaction between particles was a main cause for particle orientation (Watanabe et Figure 4 , shows the strength values for different material groups obtained from different forming techniques, or treated under different conditions. For injection moulded samples (group 1 and 2), it is seen that the strength values increased dramatically when the tensile surfaces are polished, reaching a maximum average value compared to other groups. This result indicates the smaller internal flaws formed due to the higher pressure used in this process (~30-40 MPa) in the injection moulded samples. The lower strength for un-polished injection moulded samples was due to the large surface flaws caused by the worn surfaces of the mould. Figure 5 shows a serials of fracture surface SEM on the injection moulded samples, which confirm that the fracture originated from the tensile surface when the sample was not polished (Figure 5a) the surface, typically platelet agglomerates initiated the fracture when the tensile surface was polished (Figure 5b, c) .
MECHANICAL Property Measurements
The average strength value for the laminated tape cast material ( Figure 4, group 3) is similar to the un-polished injection moulded samples. Large delamination flaws in the samples are believed to be responsible for the low strength in this case. ways. For the matrix material (TZ3Y) formed by slip casting (group 1), the two Kic values are the same. As Kic measured from IND and CNB reflects the crack resistance on a surface, and inside the body of the material, respectively, the results for the matrix thus suggest the similar crack resistance on the surface and inside the body. This is expected because there was no special texture in the material.
For injection mould composite samples (group 2), Kc from IND is~20% higher than that from CNB. This may be due to the texture formed on the surface, while the platelets were almost randomly oriented inside the material as mentioned earlier (platelet orientation section). however, the effect of crack propagation direction relative to the platelet is not significant.
As for the toughening effect of the platelets in the composite, several toughening mechanisms are operating. Figure 7 (a-d) are SEM pictures showing the interaction of a crack and platelets. Cracks shown in these pictures were introduced by diamond indentations on different surfaces on which different textures were observed. Breakage of the platelets by a crack was commonly observed as shown in Figure 7 (a, c, d ), except when the crack was propagating parallel to the platelet (Figure 7b) , where matrix-platelet interface debonding were more common. Crack deflection, arresting at the platelet (Figure 7a ) and re-starting from other places (Figure 7a, b, c) were also observed. 
SUMMARY AND CONCLUSIONS
All the techniques used to form A1203p TZ3YS composites (injection moulding, slip casting, and tape casting) resulted in some degree of platelet alignment. In this work however, the slip cast specimens appeared to have the highest degree of platelet alignment. Materials produced by injection moulding exhibited fewer and smaller internal defects, compared to the slip casting and tape casting, thus giving rise to the maximum average strength.
The fracture toughness increased for the composites containing aligned A1203p compared to the matrix. Several toughening mechanisms operate in the composite. Crack front deviation, crack deflection, crack arresting at the platelets, platelet matrix interface debonding, and breakage of the platelets were observed.
